The molecular nature of the X chromosome inactivation process has been investigated by utilizing the techniques of DNA-mediated cell transformation of the X-linked hypoxanthine phosphoribosyltransferase (HPRT) locus. The findings indicate that purified DNA from the inactive X chromosome of a near-euploid mouse cell line is not functional in transformation for HPRT, but the DNA from its "homologous" active X readily elicits transformation for HPRT in the same hamster cell recipient. These findings suggest that there is a difference between the DNA, per se, of the active and inactive X at (or near) the HPRT locus and that this difference could account, at least in part, for its inactivation.
Early during the development of the female mammalian embryo one X chromosome becomes functionally inactive. This event, generally referred to as X chromosome inactivation, is initially random in placental females in that in any given cell either the paternal or the maternal X can become the inactive X. However, once established, the pattern of X inactivation appears to be permanent, at least in somatic cells; that is, all descendants of a particular early embryonic cell maintain the same inactive X through many cell generations (for a comprehensive review, see ref. 1). The inactive X chromosome is stable in somatic cells to various conditions (2) (3) (4) (5) (6) (7) (8) and, in fact, reexpression of an inactive X gene only has been shown to occur at low frequency in mouse-human cell hybrids (4, 7) .
A number of hypotheses have been put forth to explain the molecular basis of inactivation and its characteristic stability. Certain theories favor factors such as chromosomal proteins (9, 10) or other factors that do not directly affect the DNA (11) as central to the X-inactivation process. In contrast, others suggest that X chromosome DNA is actually somehow modified-e.g., by methylation (12) (13) (14) or base substitution (14) .
The recently described techniques of DNA-mediated cell transformation (15) (16) (17) (18) offer the potential for examining certain molecular features of X chromosome inactivation. For example, if X chromosome inactivation involves actual modification of X chromosome DNA, then inactive X DNA might not function in transformation for an X-linked gene. Alternatively, if other factors such as chromosomal protein(s) are the primary basis for X chromosome inactivation, then purified DNA from either the active or inactive chromosome should transform with similar efficiencies. We have chosen the X-linked gene coding for hypoxanthine phosphoribosyltransferase (HPRT; IMP: pyrophosphate phosphoribosyltransferase, EC 2.4.2.8) for this investigation. Recently, several reports have described transformation for HPRT by using purified cellular DNA (19, 20) .
In the studies reported here we determined whether DNA from an HPRT-mutant line (derived from the mouse line CAK) that carries a HPRT mutation on the active X chromosome and a presumed wild-type HPRT allele on the inactive one is capable of transformation for HPRT.
Our findings show that the HPRT allele on the inactive X chromosome of the CAK mouse cell line is not capable of transformation for HPRT but its counterpart HPRT allele on the active X chromosome can transform. These findings suggest that the DNA of the inactive X chromosome, at or near the HPRT gene, is different from the "homologous" DNA of the active X chromosome and that this putative difference could account at least in part for the inactivity.
MATERIALS AND METHODS
Cell Lines and Culture Conditions. The wild-type mouse cells used in the study were the near-euploid established line CAK, clone A32G1 (21) . The CAK HP4 line, a generous gift from Rosann Farber, is an ethyl methanesulfonate-induced HPRT-deficient mutant resistant to 6-thioguanine at 7.5 pg/ml. The CAKHP7 line is an independent HPRT-line isolated in our laboratory after treatment of CAK wild-type cells with ethyl methanesulfonate.
V79 HP is an x-ray-induced HPRT-mutant of the V79-8 Chinese hamster line and has been described (22) . The LTKcell line, obtained from K. Yamamoto, is an adenine phosphoribosyltransferase-deficient clone of LTK-clone ID and has been described (18 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. scribed technique (18) . Briefly, nuclei were lysed in 0.5% NaDodSO4, treated with proteinase K (200 ,g/ml) for 3 hr, and phenol-extracted twice (the interphases were reextracted). The aqueous phase was then ether-extracted and ethanol-precipitated, and the DNA was spooled, dried, and resuspended. The DNA was treated with RNases A and T1, again treated with proteinase K, phenol-extracted, ether-extracted, ethanol-precipitated, and resuspended in sterile medium. The A20/A280 ratios of all DNA preparations were between 1.85 and 1.95. All DNA preparations were of high molecular weight (>30 kilobases) as determined from sizing on 0.5% agarose gels.
DNA Transformations and Selection. LTK-mouse cells (106 cells per 100-mm petri dish) were transformed by using the DNA/calcium phosphate precipitation technique of Wigler et al. (18) . HPRT-V79 Chinese hamster cells were transformed with the following modifications of the above procedure: V79 HP recipient cells were treated with 20 Atg of DNA per 2-3 X 106 cells in a 100-mm petri plate for 24 hr and.then placed directly into hypoxanthine/aminopterin/thymidine (HAT) medium (24) . After 16 days in HAT medium, colonies were scored for recipient LTK-cells; they were scored for recipient V79 HP cells after 6-14 days.
Identification of HPRT Enzyme Activity. Identification of HPRT activity by using polyacrylamide slab gel electrophoresis was performed as described (20) (21) . One particular clone, A32GI 1, shows minimal variation from the normal mouse karyotype and contains two apparently normal X chromosomes. One of these X chromosomes was found not to replicate in early S (21), providing strong evidence that this is the inactive X chromosome (1, 8, 25) . This CAK cell line, containing one active X and one presumably normal inactive X chromosome, will be referred to as CAK wild type (CAK wt). At least 90% of the CAK wt metaphases examined in this study were found to have two X chromosomes ( Table 1) ; 67% of the early S labeled metaphases of CAK wt showed one unlabeled large acrocentric chromosome (Fig. 1) (Fig. 3) In view of the apparent failure of inactive X DNA to transform for HPRT, all three DNAs (CAK wt. HP4, and HP7) were tested for their ability to transform LTK-cells to TK+. The three DNAs induced formation of HAT-resistant (TK+) colonies at similar frequencies ( Table 2) . We have not confirmed the true transformant nature of these HAT-resistant colonies. However, the absence of colonies in control plates and reported transformation of this same LTK-line by other investigators (18) suggest that the colonies represent transformation of LTK---TK+. These results indicate that all three DNAs were equally efficient in eliciting transformation of the TK gene.
Therefore, results of these transformation experiments suggest that in our system the inactive X HPRT allele of CAK cells is not capable of DNA-mediated cell transformation for HPRT (see Note Added in Proof). DISCUSSION We have investigated the molecular nature of X chromosome inactivation by using the techniques of DNA-mediated cell transformation (15) (16) (17) (18) . We chose the X-linked HPRT locus for this study because this locus is known to be subject to X chromosome inactivation (1, 26) and transformation for HPRT has been demonstrated (19, 20) . The parental established neareuploid mouse line CAK, used as a donor, is almost certainly "+/+" for HPRT because HPRT deficiency has not been reported in either laboratory or inbred strains of mice. This CAK Table 1 ). HPRT transformation data represent at least three separate DNA preparations from each donor cell line. No significant differences were seen for different CAK wt DNA preparations. wt line has two X chromosomes, of which one is apparently inactive as evidenced by late replication (21, 25 ii. it is formally possible that the inactive X HPRT allele underwent mutation during derivation of the HPRT-CAK cell lines. However, DNA from each of two independently isolated HPRT-CAK lines gave negative transformation results. Therefore, it seems unlikely that in both mutant lines, CAK HP4 and HP7, the inactive X HPRT allele inadvertently underwent mutation. It is also conceivable that the inactive X allele of HPRT has been lost or has accumulated mutations during the course of these experiments or the previous culture history of CAK cell lines. The X's of the CAK line have been reported to be normal compared to the X's of normal mouse cells (21) . Likewise, no gross aberrations in the X's of the cells used in this study were seen.
In conclusion, these experiments were designed to determine whether purified DNA from the inactive X chromosome of a female mouse cell line is capable of DNA-mediated cell transformation of the X-linked locus HPRT. The results suggest that such DNA is not efficient in transformation of this X-linked gene in comparison to DNA from the active X. These results suggest that the DNA, per se, of the inactive X at (or near) the HPRT gene is in some fashion different from the corresponding active X DNA. The basis for this difference could formally involve modification of either the active or inactive X DNA. This putative difference might involve methylation, as suggested previously (12) (13) (14) , or other DNA sequence changes (14) . Definitive evidence for the role of DNA alteration(s) in the X chromosome inactivation process will ultimately require molecular cloning and characterization of X-linked DNA sequences such as the HPRT gene.
